Ruficoccus amylovorans gen. nov., sp. nov., an amylolytic and nitrate-reducing diazotroph of the family Puniceicoccaceae T , isolated from a fermenter was assessed for its taxonomic status using a polyphasic approach. Cells of strain CC-MHH0563
Based on the discrete phylogenetic, phenotypic and chemotaxonomic traits together with the results of comparative 16S rRNA gene sequence analysis, strain CC-MHH0563
T is considered to represent a novel genus and species of the family Puniceicoccaceae, for which the name Ruficoccus amylovorans gen. nov., sp. nov. is proposed. The type strain of the type species is CC-MHH0563 T (=BCRC 80918 T =JCM 31066 T ).
The family Puniceicoccaceae has been classified under the order Puniceicoccales, class Opitutae, by having Puniceicoccus as the type genus [1] . Besides Puniceicoccus, the genera Cerasicoccus [2] , Pelagicoccus [3] and Coraliomargarita [4] have been placed under the present family (www.bacterio.net/puniceicoccaceae.html). Cells of the Puniceicoccaceae representatives are Gram-staining-negative, aerobic/ facultatively anaerobic cocci that lack flagella, sporulation and nitrate reduction abilities. The predominant fatty acids are C 14 : 0 , C 16 : 0 , C 17 : 0 , C 18 : 0 , C 18 : 1 !9c and anteiso-C 15 : 0 . The DNA G+C content ranges from 51.6 to 57.4 mol%. The major respiratory quinone is menaquinone-7 (MK-7) [1] [2] [3] [4] [5] .
Here, we describe the polyphasic taxonomic analysis of a novel strain, CC-MHH0563 T , possibly affiliated to the family Puniceicoccaceae.
Strain CC-MHH0563
T was isolated from a fermenter located at a greenhouse facility (National Chung Hsing University, Taichung, Taiwan), through the standard serial dilution-plating technique. The liquid sample collected from the fermenter was serially diluted, spread plated on nutrient agar (NA; Hi-Media) and aerobically incubated for 3 days at 30 C. A bright red-pigmented colony was purified after repetitive streaking and stored at -80 C in nutrient broth (NB) medium supplemented with 30 % (v/v) glycerol for long-term preservation. Strain CC-MHH0563
T was routinely grown aerobically on NA or in NB at 30 C for taxonomic analysis.
A commercial DNA extraction kit (MO BIO UltraClean) was used to extract the genomic DNA for 16S rRNA gene amplification and DNA G+C content determination. The 16S rRNA gene sequence was amplified using bacterial universal primers pA (5¢-AGA GTT TGA TCA TGG CTC AG-3¢) and pH* (5¢-AAG GAG GTG ATC CAA CCG CA-3¢); primers pC (5¢-CTA CGG GAG GCA GCA GTG GG-3¢), pE (5¢-AAA CTC AAA GGA ATT GAC GG-3¢) and pD* (5¢-GTA TTA CCG CGG CTG CTG-3¢) [6] were used for sequencing reactions. Gene cycle sequencing was performed by using the BigDye Terminator Kit [7] and ABI 3730 Genetic Analyzer (Applied Biosystems). DNA fragments encoding for the 16S rRNA gene were assembled using Vector NTI 9.0 software (IBI) and deposited in the GenBank database using the Sequin software tool. The almost-complete 16S rRNA gene sequence of strain CC-MHH0563 T was compared with all type strains using the Nucleotide Similarity Search program (EzTaxon, www.ezbiocloud.net; [8] ). The nifH gene was amplified by PCR using the primer set PolF and PolR described previously by Poly et al. [9] , and uploaded to the GenBank database. Phylogenetic analysis was performed with MEGA 6 software (Molecular Evolutionary Genetics Analysis, version 6.0; [10] ). Closely related 16S rRNA gene sequences were retrieved from the EzTaxon-e and GenBank databases and aligned by using the CLUSTAL X (1.83) program [11] . Phylogenetic trees were reconstructed by using 16S rRNA gene sequences with neighbour-joining [12] , maximum-likelihood [13] and maximum-parsimony [14] methods and evaluated by bootstrap analyses [15] after 1000 replications.
The PCR amplicon of 16S rRNA gene corresponding to strain CC-MHH0563
T contained 1471 nt. Strain CC-MHH0563
T was found to share highest pairwise sequence similarity to members of the genus Cerasicoccus (89.3-89.5 %, n=3) followed by members of the genera Puniceicoccus (87.9 %), Coraliomargarita (87.8 %) and Pelagicoccus (85.8-86.2 %, n=4). These similarity values were well below the threshold (95 %) that has been prescribed to distinguish an isolate at the genus level [16, 17] . Strain CC-MHH0563
T established a discrete phyletic lineage associated with the clade that harboured the type strain of the type species of the type genus of the family Puniceicoccaceae (Puniceicoccus vermicola IMCC1545 T ) (Fig. 1) . In particular, strain CC-MHH0563
T was found to be distantly associated with Cerasicoccus representatives with strong bootstrap confidence of the node, irrespective of the various evolutionary comparisons. Interestingly, all four representatives of the genus Pelagicoccus (currently affiliated to the family Puniceicoccaceae) formed a separate cluster associated with members of the family Opitutaceae (n=2, includes the type strain of the type species of the type genus Opitutus terrae PB90-1 T ) with strong bootstrap confidence of the node. Thus, based on our phylogenetic results and descriptive priority, it appears that all species of the genus Pelagicoccus are most likely candidates of the family Opitutaceae, and hence we recommend a taxonomic reassessment. Nonetheless, both 16S rRNA gene sequence similarity values and the phylogenetic placement of strain CC-MHH0563
T clearly indicated that this novel taxon is a member of the family Puniceicoccaceae, but is not related to any other established taxa at the genus level.
The Gram-stain reaction was performed as described by Murray et al. [18] , and bacterial motility was observed by light microscopy (model A3000; Zeiss). Cell morphology was observed by transmission electron microscopy (JEM-1400; JEOL) after staining with 0.2 % uranyl acetate, and also by light microscopy (model A3000; Zeiss). Growth of strain CC-MHH0563
T was also tested on tryptic soy agar (Difco), marine agar (Hi-Media) and nitrogen-free agar [19] to determine morphological characteristics. Anaerobic growth was tested on NA supplemented with potassium nitrate (0.1 %, w/v) using an anaerobic chamber (COY) filled with H 2 /CO 2 /N 2 (5 : 19 : 76) gas. Growth at different temperatures was investigated in NB at 4, 15, 20, 25, 30, 37, 40, 45 and 50 C with a 48 h incubation period. The requirement for NaCl was determined using NB containing 0-10 % NaCl (w/v, in 1 % increments). Cell growth at various pH (4.0-10.0, in intervals of 1.0 pH unit) was examined using the following buffer systems: 0.1 M citric acid/0.1 M trisodium citrate for pH 4.0-5.0; 0.2 M Na 2 HPO 4 /0.2 M NaH 2 PO 4 for pH 6.0-8.0; and 0.1 M NaHCO 3 /0.1 M Na 2 CO 3 for pH 9.0-10.0. Catalase activity was determined by assessing bubble production by cells in 3 % (v/v) H 2 O 2 , and oxidase activity was determined by using 1 % (w/v) N,N,N, N-tetramethyl-1,4-phenylenediamine reagent (bioM erieux). Oxidation of carbohydrates was determined by using the Biolog GN2 MicroPlate after incubation for 48 h. Flexirubin-type pigments were investigated by using the bathochromatic shift test with a 20 % (w/v) KOH solution [20] . Nitrate reduction, indole production, activities of bgalactosidase and urease, hydrolysis of aesculin and gelatin, and assimilation of 12 substrates were tested with API 20NE strips (bioM erieux) at 30 C for 2 days. The activities of various enzymes were determined by using the API ZYM system (bioM erieux). All experiments conducted using commercial kits were performed according to the manufacturer's instructions.
Colonies of strain CC-MHH0563
T were reddish-pigmented, circular and convex after incubation for 3 days on NA. Strain CC-MHH0563
T was an aerobic bacterium, able to grow at 15-37 C, pH 6.0-8.0, and tolerate <4 % NaCl (w/v) in NB. Growth was observed on NA, tryptic soy agar, marine agar and nitrogen-free agar. Strain CC-MHH0563
T is catalase-and oxidase-positive, and hydrolyses starch, but not DNA or Tweens 20, 40 and 80. Cells reduced nitrate to nitrite, a characteristic unique to strain CC-MHH0563 T when compared to other members of the family Puniceicoccaceae. Additionally, strain CC-MHH0563
T showed several distinct physiological and biochemical characteristics that distinguished itself from other members of the family Puniceicoccaceae ( Table 1 ). The detailed phenotypic characteristics of strain CC-MHH0563
T are given in the species description.
Fatty acid methyl esters were prepared, separated and identified according to the standard protocol [21] of the Microbial Identification System (MIDI) [22] using a gas chromatograph (Agilent 7890A) fitted with a flame ionization detector. For the extraction of fatty acid methyl esters, strain CC-MHH0563
T was cultured simultaneously on NA for 48 h at 30 C (same condition in our previous studies). The grown culture was harvested from the plate and subjected to saponification, methylation and extraction [23] . Identification and comparison were made by using the Table 2) . Strain CC-MHH0563
T can be distinguished from representatives of the genera Cerasicoccus in particular due to the presence of C 17 : 0 in significant amounts, and the existence of C 14 : 0 and C 18 : 1 !9c in low abundance (8.2-9.1 %), which were found to be predominant (24.5-52.8 %) in the latter. Strain CC-MHH0563
T contained major amounts of anteiso-C 15 : 0 and C 16 : 0 , which were prevalent in the type strain of the type species of the type genus of the family Puniceicoccaceae [1] as well as in all representatives of the genus Pelagicoccus. The presence of unsaturated fatty acid C 16 : 1 !9c in significant amounts appears to be unique to species of the genus Pelagicoccus, and this fact must be taken into consideration during the possible taxonomic reassessment. Nevertheless, fatty acid data further substantiated the taxonomic uniqueness of strain CC-MHH0563
T .
Cells of strain CC-MHH0563 T were harvested at stationary growth phase on NA for polar lipid, quinone, G+C content and polyamine analyses. Polar lipids were extracted and analysed by two-dimensional TLC [24] , and total lipid profiles were stained with 10 % ethanolic molybdatophosphoric acid. Aminolipids were detected with a 0.2 % (w/v) solution of ninhydrin in butanol. The presence of phospholipids and glycolipids was tested using Dittmer and Lester's Zinzadze reagent and a-naphthol spray reagent, respectively. Isoprenoid quinones were isolated by the methods according to Minnikin et al. [24] and analysed by HPLC as described by Collins [25] . For analysis of DNA G+C content, DNA samples were prepared and degraded enzymically into nucleosides as described by Mesbah et al. [26] . The nucleoside mixture obtained was then separated by HPLC [Hitachi L-2130 chromatograph equipped with a Hitachi L-2200 autosampler, Hitachi L-2455 diode array detector, and a
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Haloferula harenae YM23-227 T (AB372852) reverse-phase C18 column (Phenomenex Synergi Fusion-RP80, 250Â4.60 mm, 4 µm particle size)]. Polyamines were extracted as described by Scherer and Kneifel [27] and analysed by HPLC. The dansyl derivatives were separated by using a Hitachi L-2130 equipped with a Hitachi L-2200 autosampler, Hitachi L-2485 fluorescence detector (excitation at 360 nm and emission at 520 nm) and a reverse-phase C18 column (Phenomenex Synergi Fusion-RP80, 250Â4.60 mm, 4 µm particle size).
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The polar lipid profile of strain CC-MHH0563 T consisted of diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, two unknown aminolipids (AL1-2) and two unknown aminophospholipids (APL1-2) (Fig. 2) . Except for diphosphatidylglycerol and AL2, all other polar lipids were detected in major amounts. The predominant respiratory system was MK-7, which is in line with the presently classified representatives of the family Puniceicoccaceae (Table 1) . Strain CC-MHH0563 T showed 57.4±0.8 mol % DNA G+C content, which is very similar to that of the members of the family Puniceicoccaceae. The polyamine profile revealed a predominance of spermidine (94.3 %) and a minor amount of cadaverine (5.7 %). While the quinone and DNA G+C content data supported the classification of strain CC-MHH0563
T under the genus Puniceicoccaceae, the polar lipid and polyamine data provided baseline chemotaxonomic information that could be helpful in the distinction and classification of novel taxa affiliated to the phylum 'Verrucomicrobia' in the future.
Taken together, the isolation source, nitrate reduction and nitrogen fixation abilities, low tolerance to salinity and other physiological, genetic, phylogenetic and chemotaxonomic data indicated that strain CC-MHH0563
T is not related to any members of the family Puniceicoccaceae at the genus level. Thus, we recommend the classification of strain CC-MHH0563
T as representative of a novel species of a new genus affiliated to the family Puniceicoccaceae of the order Puniceicoccales, phylum 'Verrucomicrobia', for which the name Ruficoccus amylovorans gen. nov., sp. nov. is proposed.
DESCRIPTION OF RUFICOCCUS GEN. NOV.
Ruficoccus [Ru.fi.coc¢cus. L. adj. rufus red, reddish; N.L. masc. n. coccus (from Gr. masc. n. kokkos) a berry; N.L. masc. n. Ruficoccus a reddish coccus]. 
